Background {#Sec1}
==========

Anemia is common in patients with non-dialysis-dependent (NDD) chronic kidney disease (CKD), and prevalence increases as CKD worsens \[[@CR1]\]. The most current data on anemia prevalence in NDD-CKD patients are from the 2007--2010 National Health and Nutrition Examination Survey (NHANES) \[[@CR2]\]. These data are representative of the United States population, but the sample size is relatively small and does not allow for subgroup analysis. Thus, more recent anemia prevalence information using a larger dataset is necessary to allow evaluation of trends by key factors such as age, sex, and race. Much attention has been focused on anemia treatment in patients with stage 5 CKD on dialysis. However, relatively little is known about anemia treatment patterns in NDD-CKD stage 3--5 patients. Thamer and colleagues retrospectively evaluated erythropoiesis-stimulating agent (ESA) therapy in commercially insured NDD-CKD patients before and after publication of TREAT (Trial to Reduce Cardiovascular Events with Aranesp Therapy) results in 2009 \[[@CR3]\]. They showed that, post-TREAT, about 8% of CKD patients were prescribed ESAs by September 2011, with higher prescription rates in stage 4 than in stage 3 patients. They did not assess treatment patterns for iron therapy or red blood cell (RBC) transfusion use.

TREAT results showed that targeting anemia treatment to a hemoglobin level of 13 g/dL with darbepoetin vs. placebo (rescue darbepoetin if hemoglobin \< 9 g/dL) in NDD-CKD patients with diabetes did not reduce risk of death or cardiovascular events, but was associated with increased stroke risk \[[@CR4]\]. Subsequent to TREAT, and with evidence from other randomized trials evaluating ESA treatment in NDD-CKD patients \[[@CR5], [@CR6]\], the US Food and Drug Administration (FDA) revised ESA product labels in June 2011, adding new boxed warnings and recommending more conservative dosing \[[@CR7]\]. In 2012, the Kidney Disease Improving Global Outcomes (KDIGO) guideline group released updated practice guidelines for anemia in CKD \[[@CR8]\]. The FDA action and KDIGO guidelines were intended to influence anemia treatment among NDD-CKD patients.

Anemia has been identified as a risk factor for increased hospitalizations and/or hospital days in NDD-CKD patients \[[@CR9], [@CR10]\], but more research is needed regarding how anemia may affect other healthcare utilization, such as emergency department (ED) or clinic visits or specialty care.

Our study objectives were to: 1) update anemia prevalence estimates in Medicare-covered and commercially insured stage 3--5 NDD-CKD patients; 2) examine anemia prevalence in these patients by CKD stage, age, sex, and race; 3) evaluate treatment patterns in NDD-CKD patients in a contemporary period after TREAT and the enhanced FDA boxed warning, and around the time of the updated KDIGO anemia guidelines release; and 4) assess healthcare burden/utilization in NDD-CKD patients with and without anemia.

Methods {#Sec2}
=======

Study population and data sources {#Sec3}
---------------------------------

We evaluated two study populations: patients aged 66--85 years from the 20% Medicare random sample, and younger commercially insured patients aged 18--63 years from the Truven Health MarketScan database. Medicare data include enrollment information, demographic characteristics, and medical claims from Part A, Part B, and Part D. The Medicare claims files contain information collected by Medicare to allow payment for healthcare services provided to Medicare beneficiaries in the US and its territories. Standard analytic files (SAFs) generated by the Centers for Medicare & Medicaid Services (CMS) were used. SAFs are available for each institutional claim type (inpatient, outpatient, skilled nursing facility, home health agency, carrier, or hospice). Non-institutional Part B physician/supplier SAFs include final action claims for physician services, laboratory services, and durable medical equipment. CMS Part D data include the prescription drug event file, which contains the National Drug Index code (NDC) for each drug, prescription dosing information, and drug costs.

The Truven Health MarketScan Commercial Claims and Encounters Database includes specific health services records for employees and their dependents from a selection of large employers, health plans, and government and public organizations. Information from various MarketScan tables can be merged using a unique patient identifier provided in the data. Similar to the Medicare Part D data, prescription drug information is available in the MarketScan database \[[@CR11]\].

Study sample and patient selection {#Sec4}
----------------------------------

We selected stage 3--5 NDD-CKD patients with and without anemia from the 20% Medicare sample and MarketScan databases for the study period 2011--2013. Patients in the 20% Medicare data were included if they met the following criteria: (1) age at least 66 years as of the end date of a 1-year baseline period; (2) Medicare both Parts A and B coverage; 3) not in a health maintenance organization; 4) not on dialysis during the baseline period or on the first day of the follow-up period; and (5) alive on the first day of the follow-up period. Patients in the commercially insured population were included if they met the following criteria: (1) age 18--63 years as of the end date of a 1-year baseline period; (2) commercial insurance coverage; (3) not on dialysis during the baseline period; and (4) enrolled in the commercial insurance claim dataset for at least 1 day during a follow-up period. Patients in both data sources with end-stage renal disease (ESRD) in the baseline period were excluded.

Study design {#Sec5}
------------

This was a retrospective observational database study. We identified patients with a CKD index date from October 1, 2011, to September 30, 2012. As shown in Fig. [1](#Fig1){ref-type="fig"}, the baseline period was 1 year before the index date + 90 days, including the index date + 90 days; 90 days were added to the CKD index date to allow more time to ascertain anemia diagnoses and start of anemia treatment when anemia was diagnosed after CKD. We defined patient demographic characteristics, comorbid conditions, anemia, and anemia treatment during the baseline period. Follow-up was 1 year from the index date + 91 days; patients were censored at death (20% Medicare data only), end of Part A or B coverage (Medicare patients) or commercial insurance coverage (MarketScan patients), ESRD date, 365 days, or December 31, 2013. Healthcare utilization was defined during the follow-up period.Fig. 1Study design for 2012 cohorts of Medicare-covered and commercially insured (MarketScan) stage 3--5 non-dialysis-dependent chronic kidney disease patients. CKD, chronic kidney disease

CKD and anemia definitions {#Sec6}
--------------------------

Patients with CKD were identified using *International Classification of Diseases, Ninth Revision, Clinical Modification* (ICD-9-CM) diagnosis codes (Additional file [1](#MOESM1){ref-type="media"}: Table S1**)** on one or more inpatient claims or two or more outpatient claims on different dates within 365 days. The CKD date was defined by the discharge date of an inpatient claim or the second outpatient date. Among CKD patients, if at least one claim carried a CKD stage code (585.1--585.5) during the same period that defined CKD, the code for the highest stage was used. In MarketScan data, if lab data were available, CKD stage was also defined using estimated glomerular filtration rate (eGFR) by the CKD-EPI 2009 equation \[[@CR12]\].

We defined anemia during the baseline period using ICD-9-CM diagnosis codes on one or more inpatient claims, or two or more outpatient claims on different dates. We started with a broad definition including ICD-9-CM diagnosis codes 280--285. The final diagnosis codes were based on clinical relevance and distribution of each code and included iron and other deficiency anemia, acute posthemorrhagic anemia, anemia in CKD, anemia of other chronic disease, and other unspecified anemia (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

Anemia treatment {#Sec7}
----------------

We assessed anemia treatment (ESAs, intravenous \[IV\] iron, and whole blood or packed RBC transfusions) immediately following anemia diagnosis during the baseline period, defining use by at least one claim for each treatment. When determining ESA use, we considered administration in outpatient clinics (identified using J codes and revenue center codes) and home use (identified using NDC codes from prescription drug data, including Medicare Part D). We also defined consistency of ESA treatment. Consistent use was defined as at least one ESA administration in at least 80% of available treatment months, and inconsistent use as at least one administration in less than 80% of available treatment months (see Additional file [1](#MOESM1){ref-type="media"}: Table S1 for definition and claim source details).

Covariates {#Sec8}
----------

Comorbid and inflammatory conditions were defined as present if at least one inpatient claim or at least two outpatient or physician/supplier claims on different days were identified during the baseline period (see Additional file [1](#MOESM1){ref-type="media"}: Table S1 for specific diagnosis codes).

Health outcomes {#Sec9}
---------------

Healthcare utilization in the follow-up period was identified for all-cause hospitalizations, ED visits, skilled nursing facility (SNF) admissions, hospice admissions, outpatient clinic visits, and visits to nephrologist, cardiologist, and primary care practitioners, including general practice, family practice, internal medicine, geriatric medicine, nurse practitioner, and physician assistant.

Statistical analysis {#Sec10}
--------------------

Anemia prevalence was calculated as the percentage of patients and reported overall and by CKD stages stratified by demographic characteristics and comorbid conditions. Distributions of age, sex, race (Medicare only), and presence of comorbidity are reported as percentages overall and by CKD stage. Anemia treatment rates were measured as percentages of anemia patients who received each type of treatment or combination. Healthcare utilization was expressed as number of claims per person-year during follow-up for stage 3--5 NDD-CKD patients, with and without anemia, overall and by CKD stage. We calculated the standardized difference for each baseline variable to compare differences in patient demographic characteristics and comorbidity burden in patients with and without anemia. Differences were considered significant if the absolute value of the standardized difference was greater than 10.

We compared healthcare utilization for patients with and without anemia. First, we calculated unadjusted healthcare utilization rates expressed as number of claims per patient-year, mean (median) number of hospitalization days, and number of physician visits per patient-year during the follow-up period. Considering that differences in healthcare utilization rates may be associated with the burden of comorbid conditions in anemia patients, we used multivariate Poisson regression models with number of each type of health service as the dependent variable. In each model, we further adjusted for demographic characteristics (age, sex, and race for Medicare only), baseline comorbid conditions (cardiovascular disease, diabetes, hypertension, liver disease, gastrointestinal bleeding, and cancer), and inflammatory conditions (chronic infections, Crohn's disease, hepatitis C, and others), and CKD stage.

Results {#Sec11}
=======

We identified 218,079 stage 3--5 NDD-CKD patients aged 66--85 years from the 20% Medicare sample and 56,188 patients aged 18--63 years from the commercially insured population during the study period (Additional file [2](#MOESM2){ref-type="media"}: Figure S1).

Prevalence of anemia in stage 3--5 NDD-CKD patients {#Sec12}
---------------------------------------------------

For younger patients (commercially insured), overall anemia prevalence was 28.0% (Table [1](#Tab1){ref-type="table"}); prevalence increased with CKD progression (22.4%, stage 3; 41.3%, stage 4; 53.9%, stage 5). For older patients (Medicare), overall anemia prevalence was 50.1%; prevalence was 43.9%, 64.0%, and 72.8% for stages 3, 4, and 5, respectively. Prevalence increased with age in both data sets, and was higher in women and black patients (Medicare only) and much higher in patients with comorbid conditions except diabetes and hypertension.Table 1Prevalence of anemia in stage 3--5 NDD-CKD Patients in 20% Medicare and commercially insured (MarketScan) datasetsMedicareCommercially insured (MarketScan)Anemia prevalence (%), CKD stageAnemia prevalence (%), CKD stageCharacteristics*n,* anemia^a^3--5345*n,* anemia^a^3--5345Overall109,25150.143.964.072.815,71628.022.441.353.9Age, years 18--44─ ── ── ── ── ─172425.919.634.950.4 45--54─ ── ── ── ── ─375527.021.440.150.6 55--59─ ── ── ── ── ─445028.523.041.556.4 60--63─ ── ── ── ── ─578728.923.344.256.8 66--6915,50044.638.059.969.0─ ── ── ── ── ─ 70--7425,21247.040.762.570.9─ ── ── ── ── ─ 75--7929,62550.144.263.672.9─ ── ── ── ── ─ 80--8538,91455.149.267.076.5─ ── ── ── ── ─Sex Men50,61546.941.160.369.5753123.718.535.150.5 Women58,63653.246.767.476.2818533.627.548.558.3Race^b^ White87,61748.942.962.971.9─ ── ── ── ── ─ Black15,26357.951.070.575.2─ ── ── ── ── ─ Other637151.443.566.475.1─ ── ── ── ── ─Comorbidity ASHD57,07059.053.070.078.4370739.733.051.365.3 CHF44,23966.961.174.982.4336047.940.357.869.1 CVA/TIA25,81462.656.973.179.8157344.938.355.367.6 PVD38,86862.857.072.280.6299749.642.660.769.5 Cardiac (other)38,82265.659.776.182.7368848.541.560.767.9 COPD36,91062.456.673.179.5246743.537.654.167.2 GI bleeding13,77387.183.992.493.3140371.766.283.079.0 Liver disease408871.665.681.985.4111852.244.960.570.3 Dysrhythmia47,81461.155.371.379.7306044.437.456.467.6 Cancer22,52460.354.972.179.7222741.735.357.869.2 Diabetes64,18054.047.366.776.2824633.727.446.459.1 Hypertension105,39751.044.864.773.913,41831.024.944.257.6Inflammatory conditions Glomerulonephritis652968.758.177.988.1122944.134.752.875.0 Chronic infections212874.770.478.889.362256.248.770.772.4 Crohn's disease83670.564.280.490.319950.347.253.465.9 Ulcerative colitis91271.466.482.487.717655.048.962.083.8 Hepatitis C70366.761.572.277.035448.242.850.462.7 Gout17,86259.050.870.580.8152132.226.043.859.6 Rheumatoid arthritis559367.461.878.887.649539.835.955.653.9*ASHD* atherosclerotic heart disease, *CHF* congestive/chronic heart failure, *CKD* chronic kidney disease, *COPD* chronic obstructive pulmonary disease, *CVA/TIA* cerebrovascular accident/transient ischemic attack, *GI* gastrointestinal, *NDD* non-dialysis-dependent, *PVD* peripheral vascular disease^a^In the row "Overall," *n* is the total number of patients with anemia. In other rows, *n* represents the number of anemia patients in each subgroup; for example, the *n* of 57,070 in the row "ASHD" represents the number of anemia patients with comorbid ASHD^b^Race variable is not available in the MarketScan database

Patient characteristics in stage 3--5 NDD-CKD patients with and without anemia {#Sec13}
------------------------------------------------------------------------------

In both data sets, prevalence of comorbid and inflammatory conditions was generally higher in patients with than without anemia (Additional file [3](#MOESM3){ref-type="media"}: Table S2). For example, in younger patients (commercially insured) with and without anemia, prevalence of arteriosclerotic heart disease (ASHD) was 23.6% vs. 13.9%, congestive heart failure (CHF) 21.4% vs. 9.0%, dysrhythmia 19.5% vs. 9.5%, and glomerulonephritis 7.8% vs. 3.8%. In older patients (Medicare) with and without anemia, corresponding proportions were 52.2% vs. 36.4%, 40.5% vs. 20.1%, 43.8% vs. 28.0%, and 6.0% vs. 2.7%, respectively. Prevalence of comorbid conditions also increased with increasing CKD stage (Additional file [4](#MOESM4){ref-type="media"}: Table S3).

Anemia treatment patterns in stage 3--5 NDD-CKD patients with anemia {#Sec14}
--------------------------------------------------------------------

Of 15,716 younger patients with anemia identified from MarketScan data, 26.2% received at least one type of treatment (Fig. [2](#Fig2){ref-type="fig"}). Specifically, 11.7%, 10.8%, and 9.4% were treated with RBC transfusion, ESAs, and IV iron, respectively (Additional file [5](#MOESM5){ref-type="media"}: Table S4). For those receiving treatment, median times from anemia diagnosis to treatment were 21 (interquartile range \[IQR\] 97), 33 (IQR 117), and 44 (IQR 139) days for ESAs, RBC transfusion, and IV iron, respectively. Among all treated patients, 20% received two or more treatments (e.g., RBC transfusion and ESA). Treatment patterns were similar among Medicare patients, with larger proportions receiving treatment. Of 109,251 older patients with anemia, 34.0% received at least one type of treatment for anemia. Specifically, 22.2%, 12.7%, and 6.7% were treated with RBC transfusion, ESAs, and IV iron, respectively. For those receiving treatment, median times from anemia diagnosis to treatment were 18 (IQR 92), 34 (IQR 150), and 84 (IQR 169) days for ESAs, RBC transfusion, and IV iron, respectively.Fig. 2Proportion of stage 3--5 non-dialysis-dependent chronic kidney disease patients with anemia treated with erythropoietin-stimulating agents, intravenous iron and/or red blood cell transfusion. Panel (**a**), Medicare-covered patients aged 66--85 years; panel (**b**), Commercially insured patients aged 18--63 years. ESA, erythropoietin-stimulating agents; IV, intravenous

While 10.8% of commercially insured patients and 12.7% of Medicare patients received ESA treatment, less than 5% received treatment consistently (defined as ESA administration in 80% of available months).

Healthcare utilization in stage 3--5 NDD-CKD patients with and without anemia {#Sec15}
-----------------------------------------------------------------------------

Unadjusted and adjusted healthcare resource utilization in patients with and without anemia is presented in Tables [2](#Tab2){ref-type="table"} and [3](#Tab3){ref-type="table"}. In general, anemia was associated with greater resource use. After adjusting for patient case-mix, hospital admissions for anemic patients were 1.33 (95% confidence interval \[CI\], 1.31--1.34) and 1.42 (95% CI, 1.38--1.47) times higher for older and younger patients, respectively, and hematologist visits 4.29 (95% CI, 4.08--4.52) and 2.90 (95% CI, 2.76--3.04) times higher, respectively (Fig. [3](#Fig3){ref-type="fig"}).Table 2Healthcare utilization in stage 3--5 NDD-CKD Patients, Medicare and commercially insured (MarketScan) datasetsMedicare^a^Commercially insuredUnadjustedAdjusted^b^UnadjustedAdjusted^a^Healthcare utilizationNon-anemiaAnemiaRelative risk (95% CI)Non-anemiaAnemiaRelative risk (95% CI)Number of claims, PPY Hospitalizations0.450.931.33 (1.31--1.34)0.250.631.42 (1.38--1.47) ED visits0.500.751.14 (1.12--1.15)0.340.581.15 (1.11--1.19) SNF admissions0.210.551.56 (1.53--1.59)------ Hospice admissions0.100.271.52 (1.48--1.55)------ Outpatient visits23.7731.741.18 (1.18--1.18)20.5932.011.23 (1.22--1.23)Length of hospitalization for all patients (days) Mean (SD)2.36 (7.47)5.24 (12.39)--0.93 (5.03)2.61 (10.38)-- Median0.000.00--0.000.00-- IQR1.005.250.000.00Length of hospitalization for hospitalized patients (days) Mean (SD)9.14 (12.42)12.49 (16.60)--7.52 (12.47)10.96 (19.01)-- Median5.007.00--4.005.00-- IQR8.0012.006.009.00Physician visits, PPY Nephrologist1.211.971.49 (1.48--1.50)1.021.601.46 (1.43--1.50) Cardiologist2.403.060.97 (0.96--0.97)0.690.940.92 (0.90--0.95) Hematologist0.020.094.29 (4.08--4.52)0.110.462.90 (2.76--3.04) Endocrinologist0.350.391.02 (1.00--1.03)0.270.331.05 (1.00--1.09) Primary care practitioner7.759.861.12 (1.11--1.12)4.035.271.10 (1.09--1.12)*CKD* chronic kidney disease, *NDD* non-dialysis-dependent, *ED* emergency department, *PPY* per person-year, *SNF* skilled nursing facility^a^Including patients aged 66--85 years^b^Poisson regressions adjusted for demographics, comorbid conditions, inflammatory conditions, and CKD stageTable 3Unadjusted healthcare utilization in stage 3--5 NDD-CKD Patients by stage, medicare and commercially insured (MarketScan) datasetsMedicare^a^Commercially insuredAnemia, CKD stageNon-anemia, CKD stageAnemia, CKD stageNon-anemia, CKD stageHealthcare utilization345345345345Number of claims, PPY Hospitalizations0.831.031.300.410.600.680.560.650.900.220.350.49 ED visits0.720.780.850.480.560.610.580.520.660.320.390.48 SNF admissions0.500.590.780.190.300.36------------ Hospice admissions0.240.290.410.090.140.25------------ Outpatient visits30.8733.0933.9923.4825.0125.2631.2832.4634.3420.0822.4324.24Length of hospitalization, all patients (days) Mean4.665.757.462.133.303.672.482.523.220.821.201.89 Median0.000.001.000.000.000.000.000.000.000.000.000.00Length of hospitalization, hospitalized patients (days) Mean11.9212.6814.708.7610.3310.5811.3910.2510.647.527.008.50 Median7.008.008.005.006.006.005.005.004.004.004.003.00Physician visits, PPY Nephrologist1.313.003.631.052.011.821.162.312.390.881.701.42 Cardiologist3.043.152.982.362.562.550.940.980.880.680.780.63 Hematologist0.090.100.090.020.020.010.460.460.440.110.130.13 Endocrinologist0.380.410.340.350.370.310.330.310.320.270.270.22 PCP9.789.9810.047.717.997.815.245.395.194.014.134.10*CKD* chronic kidney disease, *ED* emergency department, *NDD* non-dialysis-dependent, *PCP* primary care physician/practitioner, *PPY* per patient-year, *SNF* skilled nursing facility^a^Including patients aged 66--85 yearsFig. 3Adjusted hazard ratios of healthcare utilization in stage 3--5 non-dialysis dependent chronic kidney disease patients with and without anemia. Panel (**a**), Medicare-covered patients aged 66--85 years; panel (**b**), commercially insured patients aged 18--63 years. Results were from Poisson regression models with number of each type of health service as the dependent variable adjusting for patient demographics, baseline comorbidities, inflammatory conditions, and CKD stage. CKD, chronic kidney disease; ED, emergency department; OP, outpatient. ^\*^*P* \< 0.05

Discussion {#Sec16}
==========

Our study greatly expands existing information on anemia prevalence in older Medicare-covered and younger commercially insured stage 3--5 NDD-CKD patients. Using two large datasets (Medicare and MarketScan), we showed that anemia prevalence was much higher (52%) in older than in younger (28%) patients. Anemia prevalence rose sharply with increasing CKD stage, from 22.4% in younger commercially insured stage 3 NDD-CKD patients to 53.9% in stage 5, and from 43.9% in older Medicare stage 3 patients to 72.8% in stage 5. Anemia prevalence was generally higher among women at each CKD stage. The most common anemia-related treatment across both data sets was RBC transfusion, followed by ESAs and IV iron. Only younger stage 5 NDD-CKD patients with anemia were more likely to be treated with ESAs than with RBC transfusion. After adjustment for patient case-mix, hospital admissions, nephrologist visits, and hematologist visits were significantly more frequent for anemic than for non-anemic patients.

Prior to our study, the only recent analysis of anemia prevalence in NDD-CKD patients was derived from NHANES 2007--2008 and 2009--2010 datasets \[[@CR2]\]. Prevalence of CKD and anemia were defined by laboratory values (hemoglobin levels \< 12 g/dL in adult women and \< 13 g/dL in adult men), which is ideal; however, only 410 patients with CKD in the dataset could be evaluated, so subgroup analysis was not possible. This analysis showed that 15.4% of CKD patients (stages 1--5, including dialysis) had anemia. The authors found a weighted anemia prevalence of 17.4% (*n* = 231), 50.3% (*n* = 37), and 53.4% (*n* = 17) for CKD stage 3, 4, and 5 (likely including dialysis patients), respectively. In contrast, our evaluation included 109,251 older Medicare-covered and 15,716 younger commercially insured patients with CKD and anemia. We found CKD stage-specific anemia prevalence similar to NHANES findings in the younger (aged ≤63 years) commercially insured population, 22.4%, 41.3%, and 53.9% for CKD stages 3, 4, and 5 (not including dialysis patients), respectively, but higher anemia prevalence in the older Medicare-covered population, 46.2%, 65.8%, and 73.8% for CKD stages 3, 4, and 5 (not including dialysis patients), respectively. The age distribution was not included in the NHANES analysis, only the information that participants were adults aged older than18 years \[[@CR2]\], so direct age-specific comparison to our data is not possible.

Anemia prevalence in stage 3--5 NDD-CKD patients increased monotonically as age increased, similar to the general population. Using NHANES data from 2003 to 2012, Le et al. showed that weighted anemia prevalence in the US increased by age from 3.8% for ages 15--29 years to 19.4% for ages 80--85 years \[[@CR13]\]. Not surprisingly, and in contrast to Le's findings, we found anemia prevalence several-fold higher in NDD-CKD patients than in the general population; prevalence was 25.9% and 54.7%, respectively, among patients aged 18--44 and 80--84 years. Variability of anemia prevalence by sex was much less (Medicare: 53.2%, women; 46.9%, men; commercially insured: 33.6%, women; 23.7% men) than in the general population, where women are more than twice as likely as men to have anemia \[[@CR13]\]. We also found less racial variability among NDD-CKD patients with anemia (Medicare only: black 57.9%, white 48.9%, other 51.4%) than in the general population, where non-Hispanic blacks were 2.4--3.7 times more likely to have anemia than other race groups \[[@CR13]\].

In our updated analyses (2011--2013), we showed that both younger and older anemic patients were most likely to be treated with RBC transfusion (22.2%, older; 11.7%, younger), followed by ESAs (12.7%, older; 10.8%, younger), and IV iron (6.7%, older; 9.4%, younger). Two earlier studies showed lower use of RBC transfusions than we found. Lawler et al. identified anemia treatment in a predominantly older male Veterans Administration CKD population from 2003 to 2005 following a first hemoglobin level under 11 g/dL. Compared with our data, ESA use was lower (about 7%), and RBC transfusion use was lower (16.5%) than in the older Medicare population we evaluated \[[@CR14]\]. These data are not surprising, as many Veterans Administration patients had not been diagnosed with anemia despite lower hemoglobin levels. We looked for anemia treatment after a documented anemia diagnosis. Lawler also showed that iron (oral and IV) use was 30.9%, which is not comparable to our data as we could track only IV iron use. Fox et al. evaluated transfusion burden in 374 NDD-CKD adult patients with severe anemia (hemoglobin \< 10 g/dL) and a mean age of 71 years in the Henry Ford Health System from 2004 to 2008 \[[@CR15]\]. They found that RBC transfusions were administered in 20% of these patients during a mean follow-up period of 459 days. We found a relatively higher rate of transfusions (22% over 1 year) in the older Medicare population. Several ESA trials showing increased risk of death, cardiovascular events, and stroke in NDD-CKD patients treated to higher hemoglobin targets of 13--15 g/dL \[[@CR4]--[@CR6]\], additional FDA boxed warnings for ESAs released in June 2011 \[[@CR7]\], and KDIGO anemia guidelines released in 2012 \[[@CR8]\] may have led to decreased ESA use in our study timeframe and affected anemia treatment selection.

Stauffer and Fan evaluated self-reported anemia treatment in NHANES 2007--2008 and 2009--2010 participants with CKD \[[@CR2]\]. Of 410 CKD patients, 22.8% self-reported anemia treatment in the past 3 months (20.7%, 43.0%, and 22.8% for stage 3, 4, and 5, respectively), but specific treatments were not described. Winkelmayer et al. studied trends in anemia treatment, 1995--2010, among NDD-CKD patients aged 67 years or older 2 years before ESRD, using US Renal Data System (USRDS) data. They showed that ESA use peaked in 2007 at 40.8%, but declined to 35.0% in 2010, while IV iron and RBC transfusions were used in 12.3% and 40.3%, respectively, in 2010 \[[@CR16]\]. Their data most closely compare to our data for stage 5 NDD-CKD patients; in a contemporary Medicare cohort (2011--2013), we showed lower rates with 21.8% receiving ESAs, 9.6% IV iron, and 31.2% RBC transfusions. Lower use of all treatments in 2012 may be attributable to less severe anemia in our NDD-CKD stage 5 patients than in Winkelmayer's cohort, all of whom initiated dialysis. Lower ESA use by 2012 may also be due to additional FDA boxed warnings added to ESA package inserts in June 2011 \[[@CR7]\].

Thamer et al. evaluated ESA use among stage 3 and 4 NDD-CKD patients before and after the TREAT study (2007--2011) using the MarketScan database \[[@CR3]\]. In patients aged younger than 65 years, they showed that 7.6% and 22.9% with CKD stages 3 and 4, respectively, were treated with ESAs from September 2009 to October 2011; in a more contemporary similarly aged younger population, we show even lower ESA use (6.5% and 15.7%), suggesting that FDA action in June 2011 \[[@CR7]\] may have further affected ESA use. We did not evaluate patients aged older than 65 years using MarketScan data because of potential missing data for patients with both commercial and Medicare insurances.

In our 2012 cohort of stage 3--5 NDD-CKD patients, RBC transfusions were used more than ESAs following anemia diagnosis; 22.2% of older Medicare and 11.7% of younger commercially insured patients had at least one RBC transfusion after anemia diagnosis (within means of 2.7 and 2.4 months, respectively). Only younger anemic patients were more likely to receive an ESA (19.9%) than an RBC transfusion (15.0%) after anemia diagnosis. RBC transfusions as a common treatment following anemia diagnosis in NDD-CKD patients is concerning. Leffell et al. merged serial HLA antibody data with USRDS data for 1324 patients on the kidney transplant waiting list, 2004--2010. Using a matched patient cohort and a cross-over cohort, they showed that 20% of patients who received leukodepleted RBC transfusions, compared with 3% who did not, displayed an antibody response (*P* = 0.001). The response was similar in the crossover cohort \[[@CR17]\]. Notably, they showed increased panel-reactive antibody values in 26.3% of transfusion patients compared with 5.8% of non-transfusion patients. Yabu et al. showed similar results in a patient population with a smaller percentage of black patients \[[@CR18]\]. The mean waiting time for a kidney transplant was 2 months longer, on average, for transfused than for non-transfused patients \[[@CR19]\]. Thus, our finding that RBC transfusions are common in both older and younger stage 4 and 5 NDD-CKD patients has potential implications regarding antibody sensitization and increased waiting times if these patients meet requirements for future kidney transplant.

We found that that healthcare utilization was higher for stage 3--5 NDD-CKD patients with than without anemia. Other studies have identified anemia in NDD-CKD patients as a risk factor for increased hospitalizations and hospital days \[[@CR9]\], although this relationship may be confounded by common underlying comorbid conditions such as CHF with fluid retention \[[@CR20]\]. Garlo et al. found that stage 3--5 NDD-CKD patients (controlling for CHF) with hemoglobin levels 9 g/dL or lower compared with above 9 g/dL admitted to tertiary referral hospital had increased lengths of stay, but no difference in 30-day readmission rates \[[@CR10]\]. We showed that after adjustment for multiple baseline comorbid conditions, including CHF, younger and older NDD-CKD patients with diagnosed anemia had significantly more hospitalizations, ED visits, and SNF admissions, along with increased hospital lengths of stay, than those without anemia. Outpatient visits, and specifically visits to nephrologists, hematologists, and primary care practitioners were also significantly higher in patients with diagnosed anemia. A small prospective observational study of nursing home residents with eGFR below 60 mL/min/1.73 m^2^ observed that residents with anemia showed greater earlier decline in a mobility distance measure, but not in other short-term or longer-term performance or self-report measures, than those without anemia \[[@CR21]\]. CKD-related anemia affects many body systems but in particular the cardiovascular system. Anemia contributes to increased cardiac output, development of left ventricular hypertrophy and chronic heart failure; thus, it is not unexpected that healthcare utilization is higher among CKD patients with than without anemia.

Interestingly, we showed that anemia in CKD was associated with slightly fewer cardiologist visits, which seems counterintuitive given higher rates of ASHD and CHF in CKD patients with anemia versus without. A recent analysis comparing incident hemodialysis patients pre- and post-changes in CMS reimbursement policy and FDA label action showed that the risks of major adverse cardiovascular events (MACE), death, hospitalization for heart failure, and venous thromboembolism were similar in the pre- and post-policy periods, with lower stroke and myocardial infarction risk despite lower ESA use and higher rates of RBC transfusions; black patients showed significant reductions in risks of MACE and death \[[@CR22]\]. Whether the same effect will occur in NDD-CKD patients or patient subgroups, or whether treatment of NDD-CKD anemia to lower hemoglobin target levels with ESAs, or alternative therapies such as hypoxia-inducible factor (HIF) prolyl hydroxylase inhibitors, will reduce mortality, particular cardiovascular outcomes, or overall healthcare utilization is unclear.

Our study has several strengths. We used two large national datasets to evaluate anemia prevalence, treatment, and healthcare utilization in older Medicare-covered and younger commercially insured patients with stages 3--5 CKD. We conducted several subgroup analyses to evaluate anemia prevalence by CKD stage, age, and race, which were not possible using the NHANES dataset. We also considered more contemporary trends in anemia treatment and included ESAs, IV iron, and RBC transfusion use, as previous studies did not. We compared broad and specific key categories in inpatient and outpatient healthcare utilization for NDD-CKD patients with and without anemia, adjusted for multiple factors.

Our study also has several limitations. This is a retrospective analysis of anemia using claims-based data that are not collected for research purposes, so regression relationships should be considered associations and not causal. Although we used multiple covariates as adjusters in our models, residual confounding may be present. Hemoglobin values were not available for NDD-CKD patients in the Medicare dataset, and were available for less than 5% of MarketScan patients, so we could not confirm anemia diagnosis with information on anemia severity. We evaluated anemia prevalence across age categories using two different datasets (Medicare for older, MarketScan for younger patients); data from these databases are not directly comparable as demographic and comorbidity characteristics differ among the populations. We chose not to evaluate anemia prevalence and treatment in older MarketScan individuals because previous research showed that 100% of claims may not be identified for patients with both commercial and Medicare insurances. Since the anemia of CKD is often a diagnosis of exclusion and can be seen in combination with other anemia types, we are not certain that all of the anemia diagnoses we identified were CKD-related. However, we used a timeframe around the CKD index date to increase the probability that anemia was related to CKD. We did not assess oral iron treatment, as most oral iron therapy is available over the counter and use is not reliably identified in Medicare or commercial prescription claims databases. Oral iron therapy is likely to be the predominant iron therapy for NDD-CKD patients, compared with predominance of IV iron for hemodialysis patients. In addition to general lack of laboratory information, we did not have information on fluid status, which may confound the relationship between CKD anemia and outcomes.

Conclusions {#Sec17}
===========

Our study is the largest to date examining anemia prevalence in stage 3--5 NDD-CKD older Medicare-covered and younger commercially insured patients, allowing analysis by important subgroups such as age, race (Medicare only), and CKD-stage. In a 2012 patient cohort, both younger and older patients with stage 3--5 NDD-CKD and diagnosed anemia were more likely to be treated with an RBC transfusion than with ESAs or IV iron. This is concerning due to the potential for increased panel-reactive antibodies and increased waiting time for kidney transplant. Although we showed increased healthcare utilization for NDD-CKD patients with anemia versus those without, further research is needed to determine whether future therapies such as HIF prolyl hydroxylase inhibitors, anemia treatment to lower hemoglobin targets with ESAs and iron, or treatment of specific subgroups (e.g., CKD with heart failure) can improve health outcomes and reduce healthcare utilization.
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ASHD

:   Atherosclerotic heart disease

CHF

:   Congestive heart failure

CKD

:   Chronic kidney disease

CMS

:   Centers for Medicare & Medicaid Services

ED

:   Emergency department

eGFR

:   Estimated glomerular filtration rate

ESA

:   Erythropoiesis-stimulating agent

ESRD

:   end-stage renal disease

FDA

:   Food and Drug Administration

HIF

:   Hypoxia-inducible factor

ICD-9-CM

:   International Classification of Diseases, Ninth Revision, Clinical Modificaiton

IQR

:   Interquartile range

IV

:   Intravenous

KDIGO

:   Kidney Disease Improving Global Ourcomes

MACE

:   Major adverse cardiovascular evennts

NDC

:   National drug code

NDD

:   Non-dialysis-dependent

NHANES

:   National Health and Nutrition Examination Survey

RBC

:   Red blood cell

SAF

:   Standard analysis file

SNF

:   Skilled nursing facility

TREAT

:   Trial to Reduce Cardiovascular Events with Aranesp Therapy

USRDS

:   United States Renal Data System
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